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(57) ABSTRACT

A process for making a substantially saturated dendritic
hydrocarbon polymer. The process has the following steps:
(a) polymerizing an amount of a first alkadiene monomer
under anionic conditions in the presence of a first organic
monolithium 1nitiator to produce a linear polyalkadiene hav-
ing a lithiated chain end; (b) reacting the linear polyalkadiene
with an amount of a second organic monolithium 1nitiator in
the presence of tetramethylethylene diamine to form a mul-
tilithiated polyalkadiene; (¢) reacting the multilithiated poly-
alkadiene with an amount of a second alkadiene monomer to
form a branched polyalkadiene; (d) repeating steps (b) and (c¢)
with the branched polyalkadiene one or more times to prepare
a dendritic polyalkadiene; and (e) hydrogenating the den-
dritic polyalkadiene to form the substantially saturated den-
dritic hydrocarbon polymer.

9 Claims, 8 Drawing Sheets
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PROCESS FOR MAKING A SATURATED
DENDRITIC HYDROCARBON POLYMER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 61/425,486 filed Dec. 21, 2010, herein incor-
porated by reference in 1ts entirety.

FIELD

The present disclosure relates to a process for making a
substantially saturated dendritic hydrocarbon polymer. The
present disclosure also relates to a polymer blend having the
substantially saturated dendritic hydrocarbon polymer. The
present disclosure further relates to an article formed from the

blend.

BACKGROUND

Polymers that have long-chain branching (LCB), 1.e., long
enough to result 1n entanglement, have qualitatively different
flow behavior than polymers that are purely linear. LCB pro-
foundly affects the processing and crystallization of the
branched polymers. As such, it 1s often desirable to design
polymers with an optimal amount and type of LCB to achieve
a particular set of processing characteristics and physical
properties.

Some conventional forms of polyethylene, such as LDPE
produced by high pressure free radical processes, contain a
broad mix of LCB. More recently, other forms of polyethyl-
ene produced using metallocenes and other single-site coor-
dination catalysts have a variety of diflerent types of LCB.
However, most polyethylenes with LCB are only one genera-
tion away Irom the linear backbone and have very limited
branch density. The effectiveness of those polyethylenes with
L.CB 1n use as additives in modifying the flow properties of
polyethylene without LCB has been limited.

Polyethylenes having a high degree of branching, such as
dendritic or multi-generation, branch-on-branch polymers
might be particularly usetul as additives in modifying the tflow
properties of non-LCB polyethylenes. However, synthesis of
such highly branched polyethylenes is typically laborious and
expensive.

It would be desirable to have a useful, inexpensive additive
that would have a significant impact on the processing and
performance balance of conventional polymers, particularly

[

polyethylenes such as LDPE.

SUMMARY

According to the present disclosure, there 1s provided a
process for making a substantially saturated dendritic hydro-
carbon polymer. The process has the following steps: (a)
polymerizing an amount of a first alkadiene monomer under
anionic conditions in the presence of a {irst organic mono-
lithium 1nitiator to produce a linear polyalkadiene having a
lithiated chain end; (b) reacting the linear polyalkadiene with
an amount of a second organic monolithium initiator 1n the
presence of tetramethylethylene diamine to form a multilithi-
ated polyalkadiene; (¢) reacting the multilithiated polyalka-
diene with an amount of a second alkadiene monomer to form
a branched polyalkadiene; (d) repeating steps (b) and (¢) with
the branched polyalkadiene one or more times to prepare a
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2

dendritic polyalkadiene; and (e) hydrogenating the dendritic
polyalkadiene to form the substantially saturated dendritic
hydrocarbon polymer.

Further according to the present disclosure, there 1s pro-
vided a polymer blend. The polymer blend has a matrix poly-
mer and the substantially saturated dendritic hydrocarbon
polymer described above. The matrix polymer 1s present 1in a
greater weight proportion than the substantially saturated
dendritic hydrocarbon polymer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a representation of a chromatogram of a linear

PBd polymer with lithiated chain end.

FIG. 2 1s a representation of a chromatogram of a multi-
lithiated linear PBd polymer.

FIG. 3 1s arepresentation of a chromatogram of a branched
PBd polymer after grait polymerization of the multilithiated
PBd polymer.

FIG. 4 1s a representation of a chromatogram of a multi-
lithiated branched PBd after a second lithiation.

FIG. § 1s a representation of a chromatogram of the
branched PBd polymer after a second graft polymerization.

FIG. 6 1s a representation of a chromatogram of the final
fractionated hyperbranched PBd polymer.

FIG. 7 1s a representation an H NMR spectrum of the {inal
hyperbranched PBd.

FIG. 8 1s a schematic representation of the structure of the

final hyperbranched PBd.

DETAILED DESCRIPTION

All numerical values within the detailed description and
the claims herein are modified by “about” or “approximately™
the indicated value, and take into account experimental error
and variations that would be expected by a person having
ordinary skill in the art.

The process of the present disclosure provides a process for
making substantially saturated, graft-on-graft, dendritic
hydrocarbon polymers. The process 1s economical compared
to previous processes while atfording a high degree of control
with respect to polymer architecture. The graft-on-graft den-
dritic polymers are useful as rheology-moditying blend addi-
tives 1n the manufacture of polymer materials and composi-
tions and 1n modification of the end-product properties.

The following structures are examples of structural repre-
sentations of polymers with graft-on-grait architecture that
can be obtained by the process of the present disclosure. The
polymers physically resemble some of the most highly
branched molecules found in low density polyethylene
(LDPE) produced in hugh pressure (HP) processes, albeit with
lower branching density. An example of a first-generation
(G1) structure 1s shown below:

An example of a second-generation (G2) structure 1is
shown below:
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CHs CHs The polymer product represented above 1s a second-gen-
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The foregoing structure 1llustrates the synthesis of a third-
generation dendritic polymer, but fourth and fifth generation
polymers (and beyond) are possible via one or more addi-
tional cycles of multilithiation followed by additional buta-
diene polymerization. Upon the completion of butadiene
polymerization, the polymer 1s quenched by the addition of an
alcohol (methanol, 1sopropyl alcohol, or similar) and then
hydrogenated to complete substantial saturation of the final
dendritic polymer product.

The molecular weight of the branches of the dendritic
polymer grows with each cycle. Once hydrogenated, the
branches need to be longer than the entanglement molecular
weight of the polymer. For polyethylene, this 1s 1 kg/mol, but
if they are very long the viscosity of the polymer may rise too
much. Most preferably, the M of the branches 1s 5 kg/mol.
This level also allows a fairly rapid reaction rate in solution to
make the random dendritic structures. To make similar poly-
mers for dendntic ethylene/propylene copolymers, a most
preferred M for the chains 1s higher, 13 kg/mol.

The process uses a 1,3-alkadienes(s) as a starting material.
The alkadienes can be chosen from the group of unsaturated
organic compounds that can be polymerized anionically (i.e.,
in a reaction iitiated by an organo-alkali metal ). Examples of
conjugated diene hydrocarbons include, but are not limited to,
1,3-butadiene, 1soprene, 2-methyl-1,3-pentadiene, 2,3-dim-
cthyl-1,3-butadiene, 1,3-pentadiene, myrcene, 2-methyl-3-
cthyl-1,3-butadiene, 2-methyl-3-ethyl-1,3-pentadiene, 1,3-
hexadiene, 2-methyl-1,3-hexadiene, 1,3-heptadiene,
3-methyl-1,3-heptadiene, 1,3-octadiene, 3-butyl-1,3-octadi-
ene, 3.,4-dimethyl-1,3-hexadiene, 3-n-propyl-1,3-pentadi-
ene, 4,5-diethyl-1,3-octadiene, 2,4-diethyl-1,3-butadiene,
2.,3-di-n-propyl-1,3-butadiene, and 2-methyl-3-1sopropyl-1,
3-butadiene, and combinations thereof.

The 1,3-dienes may be polymerized singly, or in admixture
with each other or with other dienes to form random or
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tapered copolymers. Alternately, compounds may be sequen-
tially charged to a reaction mixture to form block copolymers.

Substituting other diene monomers for the butadiene can
result 1n saturated hydrocarbon dendritic polymers of poly-
olefins other than polyethylene. For istance, 1f 2-methyl-1,
3-pentadiene 1s used as the monomer, the polymer that i1s
made has a repeat unit of atactic polypropylene. If 1soprene 1s
the monomer, the repeat unit of the polymer 1s that of an
alternating ethylene-propylene copolymer. Thus, the use of
any diene that can be polymerized anionically can produce
usetul polymers by the procedures outlined herein.

Anionic polymerization can be carried out either under
vacuum (see N. Hadjichristidis, H. Iatrou, S. Pispas, M.
Pitsikalis “Anionic polymerization: High vacuum tech-
niques’ J. Polym Sci A: Polym Chem 38,3211(2000) or under
argon (Duward F. Shriver and M. A. Drezdzon, “The Manipu-
lation of Air-Sensitive Compounds™, 1986, J. Wiley and Sons:
New York) using well known practices. Alkyl hydrocarbon,
cyclic (e.g. cyclohexane, cyclopentane) or non-cyclic (e.g.
hexane, heptane, octane), as well as aromatic hydrocarbon
(e.g. toluene, xylene) can be used as polymerization sol-
vents). If necessary a microstructure modifier can be added.

The polymers of the present invention can be prepared with
known metallic and organometallic catalysts such as lithtum
metal or sodium metal and organo-lithium and organo-so-
dium catalysts. Suitable organo-lithium catalysts may be rep-
resented by the formula RL1, wherein R 1s a C; to C;,, and
preterably a C, to C,,, alkyl, arakyl, or cycloalkyl group.
Specific examples of suitable catalysts include n-propyl
lithium, 1sopropyl lithium, n-butyl lithium, tertiary butyl
lithium, 2-ethyl hexyl lithium, n-decyl lithium, benzyl
lithium, 4-phenyl-n-butyl lithium, and mixtures thereof. Par-
ticularly preferred are the butyl lithiums, 1.e., normal-, sec-
ondary-, 1so-, and tertiary-butyl lithiums.

Hydrogenation can be carried out in the process of the
present invention by any known catalysis system, including

heterogeneous systems and soluble systems. Soluble systems
are disclosed 1n U.S. Pat. No. 4,284,835 at column 1, line 65

through column 9, line 16 as well as U.S. Pat. No. 4,980,331
at column 3 line 40 through column 6, line 28.

Additional teachings to hydrogenation are seen 1n
Rachapudy et al., Journal of Polymer Science: Polymer Phys-
ics Edition, Vol. 17, 1211-1222 (1979), which 1s incorporated
herein by reference 1n 1ts entirety. Table 1 of the article dis-
closes several systems including palladium on various sup-
ports (calcium carbonate, but also barmum sulfide). The
Rachapudy et al. article discloses preparation of homoge-
neous catalysts and heterogeneous catalysts.

The Rachapudy et al. article discloses a method of prepa-
ration ol a homogeneous hydrogenation catalyst. The catalyst
can be formed by reaction between a metal alkyl and the
organic salt of a transition metal. The metal alkyls were
n-butyl lithium (1n cyclohexane) and triethyl aluminum (in
hexane). The metal salts were cobalt and nickel 2-ethyl hex-
anoates (in hydrocarbon solvents) and platinum and palla-
dium acetyl-acetonates (solids). Hydrogenation was con-
ducted in a 1-liter heavy-wall glass reactor, fitted with a
stainless steel flange top and magnetically stirred. A solution
ol 5 grams of polybutadiene 1n 500 ml of dry cyclohexane was
added, and the reactor was closed and purged with nitrogen.
The catalyst complex was prepared separately by adding the
transition metal salt to the metal alkyl in cyclohexane under
nitrogen. The molar ratio of component metals (alkyl to salt)
was generally 3.5/1, the optimum in terms of rate and com-
pleteness of hydrogenation. The reactor was heated to 70° C.,
purged with hydrogen, and the catalyst mixture (usually 0.03
moles of transition metal per mole of double bonds) mnjected
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through a rubber septum. Hydrogen pressure was increased to
20 psi1 (gauge) and the reaction allowed to proceed for
approximately 4 hours. Hydrogenation proceeds satistacto-
rily in the initial stages even at room temperature, but the
partially hydrogenated polymer soon begins to crystallize. At
70° C., the polymer remains in solution throughout the reac-
tion.

After hydrogenation, the catalyst was decomposed with
dilute HCI1. The polymer was precipitated with methanol,
washed with dilute acid, re-dissolved, re-precipitated and
dried under vacuum. Blank experiments with polyethylene in
place of polybutadiene confirmed that the washing procedure
was suilicient to remove any uncombined catalyst decompo-
sition products.

The Rachapudy et al. article also discloses a method of
preparation of a heterogeneous hydrogenation catalyst. A
1 -liter high-pressure reactor (Parr Instrument Co.) was used.
The catalysts were nickel on kieselguhr (Girdler Co.) and
palladium on calcium carbonate (Strem Chemical Co.).
Approximately 5 grams of polybutadiene were dissolved in
500 ml of dry cyclohexane, the catalyst was added (approxi-
mately 0.01 moles metal/mole of double bonds), and the
reactor was purged with hydrogen. The reactor was then
pressurized with hydrogen and the temperature raised to the
reaction temperature for 3 to 4 hours. For the nickel catalyst,
the reaction conditions were 700 ps1 H, and 160° C. For
palladium, the conditions were 500 ps1 H, and 70° C. After
reaction the hydrogen was removed and the solution filtered
at 70° C. The polymer was precipitated with methanol and
dried under vacuum.

The catalysts described herein can be used to hydrogenate
hydrocarbons containing unsaturated carbon bonds. The
unsaturated carbon bonds which may be hydrogenated
include olefinic and acetylenic unsaturated bonds. The pro-
cess 1s particularly suitable for the hydrogenation under mild
conditions of hydrogenatable organic materials having car-
bon-to-carbon unsaturation, such as acyclic monoolefins and
polyolefins, cyclic monoolefins and polyolefins and mixtures
thereol. These materials may be unsubstituted or substituted
with additional non-reactive functional groups such as halo-
gens, ether linkages or cyano groups. Exemplary of the types
ol carbon-to-carbon compounds usetul herein are hydrocar-
bons of 2 to 30 carbon atoms, e.g., olefinic compounds
selected from acyclic and cyclic mono-, di- and triolefins. The
catalysts of this invention are also suitable for hydrogenating
carbon-to-carbon unsaturation in polymeric matenals, for
example, in removing unsaturation from butadiene polymers
and co-polymers such as styrene-butadiene-styrene.

The hydrogenation reaction herein 1s normally accom-
plished at a temperature from 40° C. to 160° C. and preferably
from 60° C. to 150° C. Diflerent substrates being hydroge-
nated will require different optimum temperatures, which can
be determined by experimentation. The mitial hydrogenation
pressures may range up to 3,000 ps1 partial pressure, at least
part of which 1s present due to the hydrogen. Pressures from
1 to 7500 psig are suitable. Preferred pressures are up to 2000
psig, and most preferred pressures are from 100 to 1000 psig
are employed. The reactive conditions are determined by the
particular choices of reactants and catalysts. The process may
be either batch or continuous. In a batch process, reaction
times may vary widely, such as between 0.01 second to 10
hours. In a continuous process, reaction times may vary from
0.1 seconds to 120 minutes and preferably from 0.1 second to
10 minutes.

The ratio of catalyst to material being hydrogenated 1s
generally not critical and may vary widely within the scope of
the 1nvention. Molar ratios of catalyst to material being
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hydrogenated between 1:1000 and 10:1 are found to be sat-
isfactory; higher and lower ratios, however, are possible.

If desired, the hydrogenation process may be carried out in
the presence of an inert diluent, for example a paraifinic or
cycloparaifinic hydrocarbon.

Additional teachings to hydrogenation processes and cata-

lysts are disclosed 1n U.S. Pat. No. 4,980,331, which 1s incor-
porated herein by reference in its entirety.

In general, any of the Group VIII metal compounds known
to be usetul 1n the preparation of catalysts for the hydrogena-
tion of ethylenic unsaturation can be used separately or in
combination to prepare the catalysts. Suitable compounds,

then, mnclude Group VIII metal carboxylates having the for-
mula (RCOO) M, wherein M 1s a Group VIII metal, R 1s a

hydrocarbyl radical having from 1 to 50 carbon atoms, prei-
erably from 5 to 30 carbon atoms, and n 1s a number equal to
the valence of the metal M; alkoxides having the formula

(RCO), M, wherein M 1s again a Group VIII metal, R 1s a

hydrocarbon radical having from 1 to 50 carbon atoms, prei-
erably from 5 to 30 carbon atoms, and n 1s a number equal to
the valence of the metal M; chelates of the metal prepared
with beta-ketones, alpha-hydroxycarboxylic acids beta-hy-
droxycarboxylic acids, beta-hydroxycarbonyl compounds
and the like; salts of sulfur-contaiming acids having the gen-
eral formula M(SO_ ), and partial esters thereof; and salts of
aliphatic and aromatic sulfonic acids having from 1 to 20
carbon atoms. Preferably, the Group VIII metal will be
selected from the group consisting of nickel and cobalt. Most
preferably, the Group VIII metal will be nickel. The metal
carboxylates useful in preparing the catalyst include Group
VIII metal salts of hydrocarbon aliphatic acids, hydrocarbon
cycloaliphatic acids and hydrocarbon aromatic acids.

Examples of hydrocarbon aliphatic acids include hexanoic
acid, ethylhexanoic acid, heptanoic acid, octanoic acid,
nonanoic acid, decanoic acid, dodecanoic acid, myristic acid,
palmitic acid, stearic acid, oleic acid, linoleic acid, and rhod-
inic acid. Examples of hydrocarbon aromatic acids include
benzoic acid and alkyl-substituted aromatic acids 1n which
the alkyl substitution has from 1 to 20 carbon atoms.
Examples of cycloaliphatic acids include naphthenic acid,
cyclohexylcarboxvlic acid, and abietic-type resin acids.

Suitable chelating agents which may be combined with
various Group VIII metal compounds thereby yielding a
Group VIII metal chelate compound usetul in the preparation
of the catalyst include beta-ketones, alpha-hydroxycarboxy-
lic acids, beta-hydroxy carboxylic acids, and beta-hydroxy-
carbonyl compounds. Examples of beta-ketones that may be
used include acetylacetone, 1,3-hexanedione, 3,5-nonadione,
methylacetoacetate, and ethylacetoacetate. Examples of
alpha-hydroxycarboxylic acids that may be used include lac-
tic acid, glycolic acid, alpha-hydroxyphenylacetic acid,
alpha-hydroxy-alpha-phenylacetic acid, and alpha-hydroxy-
cyclohexylacetic acid. Examples of beta-hydroxycarboxylic
acids include salicylic acid, and alkyl-substituted salicyclic
acids. Examples of beta-hydroxylcarbonyl compounds that
may be used include salicylaldehyde, and O-hydroxyac-
ctophenone.

The metal alkoxides useful in preparing the catalysts
include Group VIII metal alkoxides of hydrocarbon aliphatic
alcohols, hydrocarbon cycloaliphatic alcohols and hydrocar-
bon aromatic alcohols. Examples of hydrocarbon aliphatic
alcohols include hexanol, ethylhexanol, heptanol, octanol,
nonanol, decanol, and dodecanol. The Group VIII metal salts
of sulfur-containing acids and partial esters thereol include
Group VIII metal salts of sulfonic acid, sulturic acid, sulphur-
ous acid, and partial esters thereof. Of the sulfonic acids,
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aromatic sulfonic acids such as benzene sulfonic acid, p-tolu-
ene sulfonic acid, are particularly useful.

In general, any of the alkylalumoxane compounds known
to be useful 1n the preparation of olefin polymerization cata-
lysts may be used in the preparation of the hydrogenation
catalyst. Alkylalumoxane compounds useful 1n preparing the
catalyst may, then, be cyclic or linear. Cyclic alkylalumox-
anes may be represented by the general formula (R—Al—
O)_ while linear alkylalumoxanes may be represented by the
general formula R(R—AI1—O) AIR,. In both of the general
formulae R will be an alkyl group having from 1 to 8 carbon
atoms such as, for example, methyl, ethyl, propyl, butyl, and
pentyl, m 1s an integer from 3 to 40, and n 1s an 1integer from
1 to 40. In a preferred embodiment, R will be methyl, m will
be a number from 5 to 20 and n will be a number from 10 to
20. As 1s well known, alkylalumoxanes may be prepared by
reacting an aluminum alkyl with water. Usually the resulting
product will be a mixture of both linear and cyclic com-
pounds.

Contacting of the aluminum alkyl and water may be
accomplished in several ways. For example, the aluminum
alkyl may first be dissolved 1n a suitable solvent such as
toluene or an aliphatic hydrocarbon and the solution then
contacted with a similar solvent containing relatively minor
amounts of moisture. Alternatively, an aluminum alkyl may
be contacted with a hydrated salt, such as hydrated copper
sulfate or ferrous sulfate. When this method 1s used, a
hydrated ferrous sulfate 1s frequently used. According to this
method, a dilute solution of aluminum alkyl 1n a suitable
solvent such as toluene 1s contacted with hydrated ferrous
sulfate. In general, 1 mole of hydrated ferrous sulfate will be
contacted with from 6 to 7 moles of the aluminum trialkyl.
When aluminum trimethyl 1s the aluminum alkyl actually
used, methane will be evolved as conversion of the aluminum
alkyl to an alkylalumoxane occurs.

In general, any of the Group Ia, Ila or 111a metal alkyls or
hydrides known to be useful 1n preparing hydrogenation cata-
lysts 1n the prior art may be used to prepare the catalyst. In
general, the Group Ia, I1a or I11a metal alkyls will be peralkyls
with each alkyl group being the same or different containing,
from 1 to 8 carbon atoms and the hydrides will be perhydrides
although alkylhydrides should be equally usetul. Aluminum,
magnesium and lithium alkyls and hydrides are particularly
uselul and these compounds are preferred for use in preparing,
the catalyst. Aluminum trialkyls are most preferred.

The one or more alkylalumoxanes and the one or more
Group Ia, Ila or Illa metal alkyls or hydrides may be com-
bined and then contacted with the one or more Group VIII
metal compounds or the one or more alkylalumoxanes and the
one or more Group Ia, I1a or I11a metal alkyls or hydrides may
be sequentially contacted with the one or more Group VIII
metal compounds with the proviso that when sequential con-
tacting 1s used, the one or more alkylalumoxanes will be first
contacted with the one or more Group VIII metal compounds.
Sequential contacting 1s preferred. With respect to the con-
tacting step the two different reducing agents; 1.¢., the alky-
lalumoxanes and the alkyls or hydrides, might react with the
Group VIII metal compound 1n such a way as to yield differ-
ent reaction products. The Group Ia, Ila and I1la metal alkyls
and hydrides are a stronger reducing agent than the alkylalu-
moxanes, and, as a result, 1f the Group VIII metal 1s allowed
to be completely reduced with a Group Ia, Ila or 11Ia metal
alkyl or hydrnide, the alkylalumoxanes might make little or no
contribution. If the Group VIII metal 1s first reduced with one
or more alkylalumoxanes, however, the reaction product
obtained with the alumoxane might be further reduced or
otherwise altered by reaction with a Group Ia, I1a or Illametal
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alkyl or hydride. Whether contacting 1s accomplished con-
currently or sequentially, the one or more alkylalumoxanes
will be combined with the one or more Group VIII metal
compounds at a concentration suificient to provide an alumi-
num to Group VIII metal atomic ratio within the range from
1.5:1 to 20:1 and the one or more Group Ia, Ila or I1la metal
alkyls or hydrides will be combined with one or more Group
VIII metal compounds at a concentration suilicient to provide
a Group Ia, Ila or IIla metal to Group VIII metal atomic ratio
within the range from 0.1:1 to 20:1. Contact between the one
or more Group VIII compounds and the one or more alkyla-
lumoxanes and the one or more alkyls or hydrides will be
accomplished at a temperature within the range from 20° C.
and 100° C. Contact will typically be continued for a period of
time within the range from 1 to 120 minutes. When sequential
contacting 1s used, each of the two contacting steps will be
continued for a period of time within this same range.

In general, the hydrogenation catalyst will be prepared by
combining the one or more Group VIII metal compounds
with the one or more alkylalumoxanes and the one or more
Group Ia, Ila or Illa metal alkyls or hydrides 1n a suitable
solvent. In general, the solvent used for preparing the catalyst
may be anyone of those solvents known 1n the prior art to be
useful as solvents for unsaturated hydrocarbon polymers.
Suitable solvents include aliphatic hydrocarbons, such as
hexane, heptane, and octane, cycloaliphatic hydrocarbons
such as cyclopentane, and cyclohexane, alkyl-substituted
cycloaliphatic hydrocarbons such as methylcyclopentane,
methylcyclohexane, and methylcyclooctane, aromatic hydro-
carbons such as benzene, hydroaromatic hydrocarbons such
as decalin and tetralin, alkyl-substituted aromatic hydrocar-
bons such as toluene and xylene, halogenated aromatic
hydrocarbons such as chlorobenzene, and linear and cyclic
cthers such as the various dialkyl ethers, polyethers, particu-
larly diethers, and tetrahydrofuran. Suitable hydrogenation
catalysts will usually be prepared by combining the catalyst
components 1n a separate vessel prior to feeding the same to
the hydrogenation reactor.

Additional teachings to hydrogenation processes and cata-

lysts are disclosed in U.S. Pat. Nos. 4,284,835 and 4,980,331,
both of which are incorporated herein by reference in their
entirety.

The dendnitic polymer of the present disclosure 1s particu-
larly useful as an additive to modify on the processing/per-
formance of conventional polymers, particularly polyethyl-
enes such as LDPE, LLDPE, MDPE, and HDPE. The
polymer additive 1s useful, for example, in fabricated polymer
products such as films, foams, and molded articles. The poly-
mer additives are also usetul 1n the manufacture of polypro-
pylene and end products having same. The polymer additive
1s also useful 1n the manufacture of EPDM elastomers and
their end products.

In a use as an additive, the dendritic polymer 1s typically
present at up to 25 wt % based on the total weight of the
dendritic polymer and any other polymers present, e.g., a
matrix polymer constituting a substantial proportion of a
polymer blend or polymer article or product fabricated from
same.

In addition to 1ts use as an additive to other polymers, the
dendritic polymer 1s also usetful as a matrix polymer, 1.¢., a
polymer constituting a substantial proportion of a polymer
article or product.

The following are examples of the present disclosure and
are not to be construed as limiting.

EXAMPLES

1 gram of butadiene was left to react with 10-4 mol of
s-Bul11n benzene (10% w/v in monomer) for 24 hours (chro-
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matogram: FIG. 1). TMEDA and sec-Bul.1 were afterwards
added simultaneously (IMEDA/s-Bul1=1/1), 1n a very dilute
polymer solution (<2% w/v) and were left to react for 2 hours
in order to produce three anionic sites on three allylic posi-
tions of living polybutadiene (chromatogram: FIG. 2). From
the newly created amionic sites, three new polybutadiene
branches (103 grams/mol each branch) were formed after the
addition of 9 grams of butadiene (chromatogram: FIG. 3).
Finally, new quantities of TMEDA and sec-Bul.1 were 1ntro-
duced in the solution and leit to react for two more hours 1n
order to create three new anionic sites on the allylic positions
of the previous formed branches (TMEDA/sec-Bul.i=1/1)
(chromatogram: FIG. 4). Another 24.5 grams of butadiene
were added 1n order to form 6 more branches of 103 grams/
mol molecular weight (chromatogram: FIG. 5). Since no
termination was conducted between the lithiation steps, the
initial polymer chain as well as the branches remained “liv-
ing”” through the whole process, increasing their molecular
weights with every new addition of monomer. As a result,
there was only partial control on the final molecular weight of
the polymers produced, even though all existent “living”
anionic sites were taken into consideration 1in every step. In all
chromatograms, the lower molecular weight extra peak was
due 1n the left over sec-Buli1. All SEC experiments were run
in THF at 30° C. calibrated with PS standards (FIGS. 1-6).

The 1,2 content of the final hyperbranched PBd was 83.7%
as determined by "H NMR (FIG. 7). This was then hydroge-
nated with tosylhydrazide, and the resulting saturated poly-
mer had a final double bond content of less than 1% (~0.04%).

Applicants have attempted to disclose all embodiments
and applications of the disclosed subject matter that could be
reasonably foreseen. However, there may be unforeseeable,
insubstantial modifications that remain as equivalents. While
the present invention has been described 1n conjunction with
specific, exemplary embodiments thereof, it 1s evident that
many alterations, modifications, and variations will be appar-
ent to those skilled 1n the art 1n light of the foregoing descrip-
tion without departing from the spirit or scope of the present
disclosure. Accordingly, the present disclosure 1s intended to
embrace all such alterations, modifications, and variations of
the above detailed description.

All patents, test procedures, and other documents cited
herein, including priority documents, are fully incorporated
by reference to the extent such disclosure 1s not inconsistent
with this invention and for all jurisdictions in which such
incorporation 1s permitted.

When numerical lower limits and numerical upper limits
are listed herein, ranges from any lower limit to any upper
limit are contemplated.

What is claimed 1s:

1. A process for making a substantially saturated dendritic
hydrocarbon polymer, comprising the steps of:

(a) polymerizing an amount of a first alkadiene monomer
under anionic conditions in the presence of a first
organic monolithium initiator to produce a linear poly-
alkadiene having a lithiated chain end;

(b) reacting the linear polyalkadiene with an amount of a
second organic monolithium 1nitiator in the presence of
tetramethylethylene diamine to form a multilithiated
polyalkadiene having both a lithiated chain end and
backbone;

(¢) reacting the multilithiated polyalkadiene with an
amount of a second alkadiene monomer to react with the
lithiated backbone to form a branched polyalkadiene;

(d) repeating steps (b) and (¢) with the branched polyalka-
diene one or more times to prepare a dendritic polyalka-
diene:; and
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(¢) hydrogenating the dendritic polyalkadiene to form the
substantially saturated dendritic hydrocarbon polymer.

2. The process of claim 1, wherein the alkadiene monomer
1s selected from the group consisting of 1,3-butadiene, 1s0-
prene, 2-methyl-1,3-pentadiene, 2,3-dimethyl-1,3-butadi-
ene, 1,3-pentadiene, myrcene, 2-methyl-3-ethyl-1,3-butadi-
ene, 2-methyl-3-ethyl-1,3-pentadiene, 1,3-hexadiene,
2-methyl-1,3-hexadiene, 1,3-heptadiene, 3-methyl-1,3-hep-
tadiene, 1,3-octadiene, 3-butyl-1,3-octadiene, 3,4-dimethyl-
1,3-hexadiene, 3-n-propyl-1,3-pentadiene, 4,35-diethyl-1,3-
octadiene, 2.,4-diethyl-1,3-butadiene, 2,3-di-n-propyl-1,3-
butadiene, and 2-methyl-3-1sopropyl-1,3-butadiene, and
combinations thereof.

3. The process of claim 2, wherein the first alkadiene
monomer and the second alkadiene monomer are 1,3-butadi-
ene.

4. The process of claim 1, wherein the first alkadiene
monomer and the second alkadiene monomer are the same.

5. The process of claim 1, wherein the first organic mono-
lithium 1nitiator and the second organic monolithium initiator
are the same.

6. The process of claim 1, wherein the organic mono-
lithium 1mtiator 1s selected from the group consisting of
n-propyl lithium, 1sopropyl n-butyl lithium, tertiary butyl
lithium, 2-ethyl hexyl lithium, n-decyl lithium, benzyl
lithium, 4-phenyl-n-butyl lithtum, and mixtures thereof.

7. A polymer blend, comprising: a matrix polymer selected
from the group consisting of LDPE, LLDPE, MDPE, and
HDPE and a substantially saturated dendritic hydrocarbon
polymer produced by the process comprising the steps of:

(a) polymerizing an amount of a first alkadiene monomer
under anionic conditions in the presence of a first
organic monolithium initiator to produce a linear poly-
alkadiene having a lithiated chain end;

(b) reacting the linear polyalkadiene with an amount of a
second organic monolithium 1nitiator 1n the presence of
tetramethylethylene diamine to form a multilithiated
polyalkadiene;

(¢) reacting the multilithiated polyalkadiene with an
amount of a second alkadiene monomer to form a
branched polyalkadiene;

(d) repeating steps (b) and (¢) with the branched polyalka-
diene one or more times to are a dendritic polyalkadiene;
and

(¢) hydrogenating the dendritic polyalkadiene to form the
substantially saturated dendritic hydrocarbon polymer,
wherein the matrix polymer 1s present in a greater
welght proportion than the substantially saturated den-
dritic hydrocarbon polymer.

8. The blend of claim 7, wherein the matrix polymer 1s

LLDPE.

9. A fabricated article comprising a polymer blend, includ-
ing: a matrix polymer selected from the group consisting of
LDPE, LLDPE, MDPE, and HDPE and a substantially satu-
rated dendritic hydrocarbon polymer produced by the process
comprising the steps of:

(a) polymerizing an amount of a first alkadiene monomer
under anionic conditions in the presence of a first
organic monolithium initiator to produce a linear poly-
alkadiene having a lithiated chain end;

(b) reacting the linear polyalkadiene with an amount of a
second organic monolithium 1nitiator 1n the presence of
tetramethylethylene diamine to form a multilithiated
polyalkadiene;

(¢) reacting the multilithiated polyalkadiene with an
amount of a second alkadiene monomer to form a
branched polyalkadiene;
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(d) repeating steps (b) and (¢) with the branched polyalka-
diene one or more times to prepare a dendritic polyalka-
diene; and

(¢) hydrogenating the dendritic polyalkadiene to form the
substantially saturated dendritic hydrocarbon polymer, 5

wherein the matrix polymer 1s present 1n a greater weight
proportion than the substantially saturated dendritic
hydrocarbon polymer.

G x e Gx o
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